The mouths of two rivers in Japan, the Ano and the Shitomo, are adjacent to each other but show amarked difference in their bivalve assemblages on the tidal flats. From the results of a four-yearfield investigation on the densities of larvae and recruitants of three dominant bivalves (Nuttallia olivacea, Ruditapes philippinarum, Musculista senhousia), we sought to see whether pre-or post-settlement processes are the important factors determining the features of the bivalve assemblages in each river. They were found to be determined basically by post-settlement processes. However, in some years, they were determined after larval recruitment (>1.0mm in shell length), and in other years immediately after the larvae had settled on the tidal flats or after the bivalves had reached a certain size but before larval recruitment.
Introduction
It has long been recognized that larval recruitment processes influence the population dynamicsand community structure of marine benthic animals with a complex life cycle including planktonic and benthic life phases (UNDERWOOD & FAIRWEATHER, 1989; GROSBERG & LEVITAN, 1992) . However, littlework has been done on larval recruitment processes in the marine environment, probably due to the difficulty in identifying planktonic larvae (HORIKo5HI, 1978) and in examining their transport and/or dispersal (DE WOLF, 1973; ROUGHGARDEN et al., 1988) .Nonetheless, the role of larval recruitment in the population dynamics and community structure of marine benthic animals is the Mulinia lateralis , rapid changes in abundance after larval settlement led to distribution patterns which, after one month, differed substantially from the larval settlement patterns (LUCKENBACH, 1984) .
We have carried out a four-year investigation of larval recruitment processes in bivalve assemblages on the tidal flats of the Ano and Shitomo Rivers in Mie Prefecture, Japan. Previous studies done on the tidal flats of these rivers (SAKAI, 1992; KIMURA & SEKIGUCHI, 1993 a, b ; SEKIGUCHI, unpublished data) had suggested that the difference in their bivalve assemblages was remarkable even though the mouths of the rivers were adjacent to each other: two species (Ruditapes philippinarum, Musculista senhousia) are predominant in the Shitomo River, whereas Nuttallia olivacea is predominant in the Ano River. In order to study the mechanisms by which thefeatures of the bivalve assemblages of these two rivers are determined, we first attempted to clarify whether pre-(e.g., larval supply, settlement) or post-settlement processes play an important role. Fortunately, it is now possible to identify to the specific level both the planktonic and settled larvae of bivalves common on subtidal and intertidal flats in Japan, according to XU (1983) and SAKAI & SEKIGUCHI (1992) . Materials and Methods
STUDY AREA
The Ano and Shitomo Rivers, located in Tsu city, flow into the western part of Ise Bay along the Pacific coast of central Japan (Fig. 1 ).
These rivers are small and short; the Ano River runs a distance of 27.9km and passes through the lowlands of Tsu city, whereas the Shitomo River, with a length of 14.5km, passes through rice fields. Saline water is detectable from the river mouth toa weir 2.3km upstream in the Ano River, and from the mouth to a point 5.5 km upstream in the Shitomo River (KIMURA & SEKIGUCHI, 1993b) .
Despite the mouths of the two rivers being adjacent to each other, the sediment types of the tidal flats at the two river mouths are different. In general, the grain size of the sediment is smaller, and the silt-clay content is clearly higher in the Shitomo River than in the Ano River (KIMURA & SEKIGUCHI, 1993 a, b (Fig. 1) . In addition to these sampling stations, we set up two stations (Stns. P, P') for sampling planktonic larvae of bivalves in the mouths of the two rivers (Fig. 1 ).
Since we collected bivalves in a variety of pre-and post-settlement phases, i. e., planktonic larvae, settled bivalves, or small and large bivalves, various types of sampling gear were used in this study as described below. Settled bivalves were defined as settled individuals with shell lengths less than 0.3mm, because among the bivalves common on tidal flats in Japan, the shell length has been known to reach ca. but it is well known that higher mortality occurs shortly after larvae settle on the bottom sediment, followed by a relatively constant and low mortality (HoalKosHi, 1978) . Higher mortality shortly after larval settlement has also been confirmed for several species of bivalves (Mutts, 1973 inds./100 l in the two rivers, as compared with less than 10 inds./100 l in the other years.
SETTLED BIVALVES (Fig. 3 a) : In 1992 the density was clearly higher in the Ano River than in theShitomo River, but in the other years the differences in density were not significant ( was higher in the Ano River than in the Shitomo River during the investigation period (Fig. 4 ) .
Seasonal variations in density were easily detected, but were not as remarkable as those of settled bivalves referred to above. Interannual variations in density were detected, the period with higher density (more than 0.5 inds./cnl) being much longer in 1992 than in the other year.
The density exceeded 5.0 inds./cnl in October, 1990, and January,1993 , in the Ano River.
LARGE BIVALVES (Fig. 3 c) : The density was much higher in the Ano River than in the Shitomo River during the investigation period (Fig. 4) . The bivalves were found intermittently in the Shitomo River, but at a very low density .
In the Ano River the density (particularly at Stns. A,C) changed markedly with the season and drasticallydecreased every winter.
Interannual variations in density were notable, the density reaching more than 10,000 inds ./m2 in the Ano River from June to August, 1992 . SETTLED BIVALVES (Fig. 5 a) : No significant difference in density was found between the rivers except in 1990 (Fig. 4 ) SETTLED BIVALVES (Fig. 7 a) : In 1991 the density was higher in the Shitomo River than in the AnoRiver. In the other years, differences in density between the rivers were not significant ( SMALL BIVALVES (Fig. 7 b) : The density was higher in the Shitomo River than in the Ano River (Fig. 8) On the basis of the differences or lack of difference between the two rivers in the densities of planktonic larvae, settled bivalves, and small and large bivalves, seventeen alternative hypotheses (A-Q) can be derived (Table 1) for explaining the steps, but not the mechanisms, by which the features of the bivalve assemlages are established.
In this study, the densities of planktonic larvae of the three species did not differ between the rivers, while those of large bivalves were significantly different (Figs. 3 , 6 , 8 As mentioned previously, the densities of planktonic larvae of the three species of bivalves did not differ between the rivers, whereas those of large bivalves were significantly different.
Thus, whether or not a difference existed for set- In our study area where larval supply and settlement rates were high, the features of the bivalve assemblages would be determined through post-settlement processes, as discussed above. Recent work, although scanty, indicates that the distribution and abundance of intertidal organisms, especially barnacles, is determined mainly by post-settlement processes when the settlement rate is high, and by spatial and temporal variations in settlement when the settlement rate is low (GAINES & ROUGHGARDEN, 1985; GAINES et al., 1985; CONNELL, 1985) . This may hold for our study area. In the infaunal bivalve Mulinia lateralis, rapid changes in abundance after larval settlement and differential site-specific mortality were reported to produce distribution patterns which, after one month, differed substantially from the larval settlement patterns (LUCKENBACH, 1984) . However, little work has been done to clarify the role of differential site-specific mortality inthe post-settlement processes of marine benthic animals. Accordingly, we intend to address this problem by carrying out field experiments in our study area in the near future.
I has long been recognized in the marine environment and in the laboratory that bivalves migrateand or disperse in response to tidal currents by floating in the water using drift threads in thecase of young post-lrvae (SIGURDSSON et al., 1976; LANE et al., 1985) and also juveniles and adults (WOLF & WOLF, 1977; HAMADA & INO, 1954) , and by digging into the sediment, as reported forjuveniles and adults of R. philippinarum (SAI,1963) . Of the three species of filter-feeders examined here (N. olivacea, R. philippinarum and M. senhousia), the former two are infaunal, whilethe last is epifaunal. In particular, M. senhousia often forms large colonies which almost completely enclose the 
